The aim of the study was to determine the influence of different selenium sources on antioxidant properties. The glutathione (GSH) concentration and glutathione peroxidase (GPx) activity were measured in the breast muscles and liver of 60 one-day-old broiler chickens. Another goal was to compare these indices with the weights of individual tissues and the live weight of broilers. The broilers were divided into 4 groups according to the selenium source: group 1 (control), group 2 (selenized yeast), group 3 (selenomethionine), group 4 (sodium selenite). Treatment groups were supplemented with 0.2 mg of additional selenium/kg. No significant changes in the hepatic GSH concentrations (P > 0.05) were found in the experimental groups compared to control. Significantly higher GSH concentration (P < 0.05) was found in breast muscles of broilers in group 4 (sodium selenite) compared to control. However, no positive effect of selenium supplementation in the form of sodium selenite was observed. The differences in the GPx activity in breast muscles and liver between the experimental groups and the control group were not significant (P > 0.05). No significant differences were recorded in the experimental groups compared to control in relation to the GSH concentration and GPx activity measured in the tissues. A significantly positive correlation was noted between mean GPx activity in breast muscle and breast muscle weight (P < 0.01; r = 0.3790) and live weight (P < 0.05; r = 0.2690). Although changes in the GSH concentration and GPx activity were recorded in some experimental groups, the selected dose of additional selenium appeared to be too low to affect these concentrations and the antioxidant defence system.
as lipid peroxidation, protein oxidation, membrane damage, carcinogenesis and other cell damage (Kaplowitz et al. 1985; Miller et al. 1993) .
The main function of glutathione is reduction of hydrogen peroxide (H 2 O 2 ) and organic peroxides (lipid peroxides); these reactions are catalysed by GPx and GST (Meister 1983; Kaplowitz et al. 1985) . The thiol group, present in reduced glutathione (GSH), acts as a free radical scavenger. During the reduction of H 2 O 2 and lipid peroxides to H 2 O and alcohols, GSH is oxidized to GSSG and serves as an electron donor. Oxidized glutathione is converted back to GSH by glutathione reductase using reduced nicotinamide adenine dinucleotide phosphate (NADPH) (Cao et al. 2013) . In healthy cells and tissues, the presence of the reduced form (GSH) predominates. Under pathophysiological conditions the GSH:GSSG ratio decreases. Oxidative stress that is caused by an imbalance between prooxidants and antioxidants can be the reason for an increase to the glutathione disulphide concentration. Thiol-disulphide exchange reactions are another type of conversion of intracellular GSH to GSSG catalysed by transhydrogenase ). These reactions are part of many metabolic and physiological functions such as protein synthesis and degradation and the activation and inactivation of enzymes (Meister 1983; Meister and Anderson 1983) . According to several studies, the GSH/GSSG ratio may be considered the best indicator of oxidative stress (Tarin 1966; Tarin et al. 1998; Avanzo et al. 2001; Kaneko et al. 2001) .
Selenium is considered an essential trace element because of its irreplaceable role in the organism. It regulates the functions of the antioxidant defence system through the GSH and Se-containing antioxidant enzyme GPx (Mahmoud and Edens 2003; Horký 2014) . The aim of this study was to evaluate the effect of additional selenium in the diet on the GSH concentration and GPx activity in the breast muscles and liver of broiler chickens. The breast muscle, liver and live weights of broilers were recorded and the correlation between weights and antioxidant properties were evaluated.
Materials and Methods

Animals and diets
The study was carried out using a total of 60 one-day-old broiler chickens, following local Research Ethics Committee approval (84722/2014-MZE-17214) . The chickens were divided into 4 groups -1 control group and 3 treatment groups. Each group contained 15 chickens. All experimental groups were fed a basal diet (Table 1) and the 3 treatment groups were also supplemented with 0.2 mg of selenium/kg in three different form of additional selenium. The experimental groups were as follows: group 1 (control), group 2 (selenized yeast) supplemented with 118.9 g/t feed, group 3 (selenomethionine) supplemented with 8.70 g/t feed and group 4 (sodium selenite) supplemented with 6.67 g/t feed. The chickens were fed a Starter BR1 until 2 weeks of age, followed by a Grower BR2 until 5 weeks of age and a Finisher BR3 from 5 weeks of age (MTD Ústrašice, Czech Republic). Water and feed were provided ad libitum. After 6 weeks of feeding the chickens were stunned by electricity and slaughtered by cervical dislocation. Their body weight was recorded. Liver and breast muscle samples were immediately taken, weighed and stored at -70 °C.
Sampling and analysis
Homogenization of samples The tissues were washed in 0.9% NaCl solution and then homogenized. Disperser T10 basic ULTRA-TURRAX (IKA, Staufen, Germany) was used for homogenization. Tissues for GSH determination were homogenized in precipitation reagent at a ratio of 1:20 (supplied in the kit) and tissues for GPx determination in 50 mM sodium phosphate buffer (pH 7.4), where 1 ml of solution per 0.12 g of tissue was used. The samples were kept on ice during homogenization. After centrifugation at 3000 g for 10 min at 4 °C, the supernatant was collected and used for the assay. The tissues were stored at -70 °C and the GSH concentration and GPx activity were determined immediately after homogenization.
Total glutathione determination
Total glutathione concentrations were measured with a BIOXYTECH GSH-420 kit (OxisResearch, Portland, Oregon, USA) using the quantitative colorimetric method. This method is based on the formation of chromophoric thione and the chemical reaction proceeds in three steps. First, oxidized glutathione (GSSG) is reduced to the reduced form (GSH) by adding the reducing agent tris(2-carboxyethyl)phosphine (TCEP). The chromogen (4-chloro-1-methyl-7-trifluoromethylquinolinium methylsulphate) is added to form thioethers. At a pH highter than 13 (caused by adding the buffer) GSH thioether is transformed into the chromophoric thione by β-elimination. The absorbance of the resultant product is measured at 420 nm and is directly proportional to the GSH concentration. An Evolution 160 spectrophotometer (Thermo Scientific, Waltham, Massachusetts, USA) was used to measure GSH concentrations. The results were expressed in μmol/l and converted to μmol/g of tissue.
The preparation of samples for determination and the assay method were performed as described in the manual.
Glutathione peroxidase activity
The GPx activity was measured by the RANSEL kit (Randox Laboratories Ltd., Crumlin, UK) using a UV method based on that of Paglia and Valentine (1967) . This method is based on measuring the decrease in absorbance at 340 nm due to NADPH oxidation. Glutathione (GSH) is oxidized by cumene hydroperoxide into its oxidized form (GSSG). The reaction is catalysed by GPx. Immediately, GSSG is converted to GSH and NADPH is oxidized to NADP + . The reaction is catalysed by glutathione reductase. The automatic biochemical analyser Liasys (AMS, Guidonia, Italy) was used to measure the GPx activity. The results were expressed in μkat/l and converted to μkat/g of tissue. The assay method was performed as described in the manual.
Statistical analysis
The results obtained were tested for the homogeneity of variances (Hartley-Cochran-Bartlett test) and the normality of distribution (Shapiro-Wilk test). The data were analysed statistically by one-way analysis of variance (ANOVA) followed by Fisher LSD post hoc test. All results were expressed as the mean value (x) ± standard error (SE). The relationship between the measured antioxidant properties in tissues and tissue weight and live weight were evaluated by the correlation coefficient and the significance of correlation using linear regression analysis.
Results
The results of the antioxidant properties are presented in Table 2 . The lowest mean GSH concentration in liver was recorded in the control group (1.99 μmol/g) compared to the other experimental groups. The differences in the increases were not, however, significant (P > 0.05). The mean value of the GSH concentration in breast muscles did not show any significant changes (P > 0.05) in the experimental groups caused by selenium supplementation compared to the control group. No significant differences (P > 0.05) between the control and experimental groups were found in relation to the mean GPx activity in breast muscles and liver. The tissue weights and live weights of broiler chickens are presented in Table 3 . The correlations between the measured antioxidant properties in tissues (breast muscles, liver) and tissue weight and live weight were evaluated (Tables 4, 5). A significantly positive correlation was found between mean GPx activity in breast muscles and breast muscles weight (P < 0.01; r = 0.3790) and live weight (P < 0.05; r = 0.2690). These two correlations are shown in Plate I, Figs 1 and 2. No significantly positive correlation was determined between mean breast muscle GSH concentration and breast muscle weight (P > 0.05; r = 0.1687) and live weight (P > 0.05; r = 0.1047) and between mean liver GSH concentration and liver weight (P > 0.05; r = 0.0599). Negative correlations were recorded between mean liver GSH concentration and live weight (P > 0.05; r = -0.0526) and between mean liver GPx activity and liver weight (P > 0.05; r = -0.0848) and live weight (P > 0.05; r = -0.0604). Significant differences between groups are indicated by using different superscripts in columns: α, β -P < 0.05, A, B -P < 0.01; GSH -glutathione; GPx -glutathione peroxidase. Non-significant differences between groups were recorded (P > 0.05).
Discussion
The inorganic form of selenium-selenite, selenate -has been used as the main selenium source for poultry feeds. Naturally, the source of selenium for animals is organic selenium in the forms of selenocysteine, selenomethionine (Surai 2002) . Organic forms of selenium are present in selenized yeast and there is increasing interest in this type of selenium source (Surai and Dvorska 2002) . Selenomethionine is easily absorbed and can be stored as a reserve in case of need. It is present in skeletal muscles, erythrocytes, the pancreas, liver, kidney and stomach and the gastrointestinal mucosa (Schrauzer 2000; Surai 2002) .
The GSH concentration in liver is about 25 to 50% lower in broilers compared to mammals (Beers et al. 1992; Enkvetchakul et al. 1993 ). The range of GSH concentrations in the liver reported by several studies is 2.0-4.5 μmol/g, as summarized by . In our study, the hepatic GSH concentration was around 2.0 μmol/g in all groups (1.99-2.17 μmol/g) which corresponds with previous studies. Hepatic GSH concentrations were increased in all experimental groups compared to the control group, however, the differences were not significant (P > 0.05). Changes in the GSH concentration may have been caused by selenium supplementation and its positive effect on the antioxidant system, but due to their non-significance, this assumption cannot be confirmed. In contrast to GSH concentrations in the liver, the highest mean GSH concentration in breast muscle (1.18 μmol/g) was found in the control group. No influence of selenium supplementation on GSH concentrations in breast muscle was found. This may be caused by insufficient absorption of selenium in breast muscle which is inconsistent with several studies concerning the storage of the organic and inorganic forms of selenium in breast muscle (Kuricová et al. 2003; Choct et al. 2004; Payne and Southern 2005) . Dlouhá et al. (2008) and Skřivan et al. (2008) reported that the addition of sources of organic selenium leads to increased selenium concentration in chicken breast muscle. On the basis of these findings, we predicted an increase in the GSH concentration in breast muscle in experimental groups compared to the control group.
Many authors have described the influence of selenium supplementation on increasing Significance of correlations: α -P < 0.05, A -P < 0.01; GSH -glutathione; GPx -glutathione peroxidase. Non-significant differences between the groups were recorded: P > 0.05; GSH -glutathione; GPx -glutathione peroxidase.
GPx activity. Arai et al. (1994) reported that the addition of selenium in organic form increases GPx activity in chicken liver. According to the studies by Shiobara et al. (1998) , selenium supplementation in rats significantly increases GPx activity and reduces peroxidation of lipids. According to Pappas et al. (2005) , selenium supplementation can participate in increasing GPx activities in the blood, liver and breast muscle. Studies by Piršljin et al. (2008) showed that organic selenium supplementation has a positive effect on the antioxidant system due to higher activity of GPx in chickens during the experiment. The present study showed significantly increased hepatic GPx activity (P < 0.01) in group 4 (sodium selenite) compared to group 2 (selenized yeast), but no significant differences in liver as in breast muscle GPx activity between experimental and control groups were found (P > 0.05). However, a higher GPx activity in liver compared to the control group was found in experimental group 4 (sodium selenite) and in the case of breast muscle, GPx activity was increased compared to the control group in experimental groups 3 and 4 supplemented with selenomethionine and sodium selenite. Non-significant changes in the GSH concentration and GPx activity in experimental groups may be due to an insufficient concentration of additional selenium in the diet. Mahmoud and Edens (2003) and Piršljin et al. (2008) published findings in which the concentrations of additional selenium in experimental groups were 0.46 and 0.3 mg of selenium/kg. On the other hand, Heindl et al. (2010) reported significantly different breast and thigh meat GPx activity in experimental groups supplemented with 0.15 and 0.30 mg of additional selenium/kg compared to the control group. confirmed that a higher GSH concentration correlates with the body weight and age of broilers. This is in agreement with the published findings of in which heavier poultry were found to have higher GSH concentrations. The data from this study also show a positive correlation between GSH concentration and weight except for the correlation between hepatic GSH concentration and live weight where a negative effect was found. However, the correlation between GSH concentration and weight is not significant. Some significant changes were found in the case of correlation between GPx activity and weight.
In conclusion, the selenium sources added to the diet may have a positive effect on the antioxidant properties. However, to achieve significant changes in the GSH concentration and GPx activity, the dose of additional selenium in the diet should be higher. The present study also showed that heavier broilers have an increased GPx activity in breast muscles. Fig. 1 . Correlation between the mean GPx activity in breast muscles and breast muscle weight in broiler chickens Fig. 2 . Correlation between the mean GPx activity in breast muscles and live weight in broiler chickens
